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(54) Pilot operated flow regulating vah/e 

(57) A pilot operated flow regulating vafve has pres- 
sure governing chamber receiving a moveable pressure 
receiving member for common movements together 
wtth a main valve member (4) of said pilot operated flow 
regulating valve In relation to a fixed valve seat (1) and 
by a differentia] pressure averted to said pressure 
receiving member from both surface sides, further has a 
leak route (16) of small cross-section extending 
between said pressure governing chamber (B) and 
either the upstream or the downstream side of said 
valve seat (1). and has a constant differential pressure 
control vaJve for selectively either controifirtg the pros- 
sure inside said pressure governing chamber (8) or for 
blocking a pfiot route extencfing between said upstream 
and downstream sides. 
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Description 

[0001] The present invention relates to a pilot oper- 
ated flow regulating valve as defined in the preamble 
parte of claims 1, 2 and 8. Such valves are used to reg- s 
ulate the flow of a fluid by maintaining a constant differ- 
ential pressure between ffie upstream and the 
downstream side of the valve seat Typical applications 
of said valves are: the regulation of the flow of heated 
pressurised water passing a pressure loss generating w 
heat exchanger, regulation of the flow of refrigerant 
through an expansion valve in a refrigerating cycle . 
using carbon dioxide as saJd refrigerant regulation of 
the fuel rate through a controllable fuel injection valve 
for direct injection in an internal combustion engine, is 
etc, L*. applications where the fluid at feast tempocanTy 
undergoes a great pressure differentia}. 
10002] Due to the fact that such valves when 
directly actuated by a solenoid would need a huge sole- 
noid in case of a oWerentiaJ pressure of about 50 to 100 so 
times the atmospheric pressure or more, instead pilot 
operated regulating valves are used in which the pilot 
valve only needs a small solenoid and actuates the 
main valve member by fluid pressure. ConventionaJly, in 
such pilot operated flow regulating valves a pilot route ss 
extends between the downstream side of the valve seat 
and the pressure governing chamber. The main valve 
member is opened and closed from the downstream 
side assisted by a constant pressure differential control 
valve actuated by said solenoid. The passage at the so 
upstream side of the valve seat and the pressure gov- 
erning chamber cornmunicate with another via a teak 
route of small cross-section. However, the pressure 
governing chamber via said leak route then holds high 
pressure in relation to the downstream pressure when ss 
the pilot route is dosed during main valve closing. Due 
to the high pressure differential fluid witt then flow from 
pressure governing chamber to the downstream side 
thrdugn ft e pilot route and its viaWes and a flow larger 
than a certain degree always occurs inconveniently. & 
[0003} Furthermore, in a pilot operated flow regulat- 
ing valve as known the initial fluid pressure does not act 
to generate a closing force at tie main valve member in 
a state where the main valve member has reached its 
fully closed state so that a relatively strong spring re 43 
necessary to retain said fully dosed state. Then, in 
order to open the main valve member again, an operat- 
ing differential pressure stronger than the force of the 
spring must be produced. Said operating differential 
pressure reduces the fluid pressure as controlled by the so 
flow regulating valve, because the valve does not 
respond unless the initial fluid pressure is sufficiently 
high to compensate said pressure loss and to overcome 
the force of the spring. This is an apparent shortcoming, 
particularly when the initial pressure of the fluid at the ss 
upstream side is low. The entire operable pressure 
range is limited. 

£0004] It is an object of the invention to provide a • 



pilot operated flow regulating valve of the kind as dis- 
closed eliminating the drawbacks of conventional 
valves, such that the pilot operated flow regulating valve 
has an improved operational performance, does not 
need undesirable high Differential pressure for response 
and eliminates the danger of undesirable leakage flows 
in the closed state. It is a part of said object to creaie a 
pOot operated flow regulating valve capable of definitely 
stopping a flow of fluid to the downstream side when me 
pilot route is closed, even though the upstream fluid 
pressure is high. Furthermore, a pilot operated flow reg- 
ulating valve is to be provided having a good pressure 
efficiency and does not cause undesirable pressure 
losses in the fluid. 

[OOOg Said objects can be achieved whh the fea- 
tures as contained in cfaim 1 . in claim 2 and in claim 8. 
[0006] The respective actuation of the constant dif- 
ferential pressure control valve is necessary, either to 
open or close the main valve member or to adjust its rel- 
ative position at the valve seat for the desired constant 
fluid flow. This operational performance is achieved 
without an undesirable pressure loss, because the leak 
route allows to relieve the pressure in the pressure gov- 
erning chamber suffiriantry to open the main valve 
member without a significant pressure toss. Further- 
more, since the constant differential pressure control 
valve selectively also can be brought In a blocking posi- 
tion the pilot route will be reliably blocked avoiding any 
undesired leak flow from the high pressure side to the 
low pressure side even in case of extreme high inlet 
pressure. 

[0007] In the valve according to claim z the flow 
through the valve seat can reliably be controlled by con- 
trofDng the constant differential pressure valve. Since 
the Inside of the pressure governing chamber can have 
a low pressure as also the passage at the downstream 
side, no leakage flow occurs from the pressure govern- 
ing chamber to the downstream side even though the 
pressure In the passage at the upstream side may be 
extremely high. Since also the pilot route can be 
blocked totally any flow of fluid to the downstream side 
can be stopped def IniteJy. 

[0008) For the valve as disclosed in claim 8 the 
pressure loss inevitably created by the heat exchanger 
can*be uCfised to operate the flow regulating valve. This 
is carried out by connecting the pressure governing 
chamber via the leak route with one of the fluid pipelines 
at the upstream or downstream side of the heat 
exchanger, while the constant differential pressure con- 
trol valve Is situated between the respective other pipe- 
line and the pressure governing chamber. There is no 
undesirable pressure loss necessary for operating the 
flow regulating valve. A very reliable operation perform- 
ance can be obtained even in a case where the Inftiai 
fluid pressure at the upstream side is low. The flow reg* 
uiating varve shows a good pressure efficiency without 
creating significant fluid pressure losses. 
[0009] Preferred embodiments ar© contained in the 
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depending claims. 

[OOIO] Embodiments of the invention will be 
explained with the help of drawings. In the drawings is: 



Fig. 1 



Figs 2 and 3 



Fig. 4 



Fig. 5 



Fig.G 



Fig. 7 



Fig. 8 



Fig. 9 



Fig, 10 



A longrtucfinaJ section of a pilot oper- 
ated flow regulating valve (first embod- 
iment), 

Longitudinal sections of a further 
embodiment in an open state and in a 
fully closed state, respectively, 



A block diagram and longitudinal 
tion of a further embodiment 



The embodiment of Fig. 4 with modified 
piping, 



A longitudinal 
embodiment. 

A longitudinal 
embodiment. 



section of another 



section of a further 



A schematic illustration of a combina- 
tion of two flow regulating valves 
Switched m parallel, both being of the 
kind as shown in Fig. 6, 



A longitudinal section 
embodiment, and 



A longitudinal Section of a further 
embedment of a flow regulating valve. 



[0011] The pilot operated flow regulating valves 
according to the present invention are mainly used 
when the valve has to be operated under a great differ- 
ential pressure with a high pressure fluid. This can be 
the case for an expansion valve in a refrigerating cycle, 
e.g. using, carbon dioxide as a refrigerant, for a direct 
injection fuel control valve for an Internal combustion 
engine, or for a flow control valve for a high water pres- 
sure systems or the like. 

10012] The embodiment of the pilot operated flow 
regulating valve as shown in Fig. 1 has a ring-shaped 
valve seat 1 formed in the middle of a pipeline contain- 
ing high pressure fluid, e g. with a pressure of 50 to 100 
times the atmospheric pressure or more. A pipeline 2 is 
provided at the upstream side of valve seat 1 » while a 
pipeline 3 is provided at the downstream side of said 
valve seat 1. Valve seat 1 is formed within pipeline 2 at 
the upstream sida. A main valve member 4 is provided 
having a cylindrical shape with an end face which fs 
closed at the upstream side and is arranged by insertion 
and fitting in the valve seat 1 in a freely moveable man- 
ner in the direction of its longitudinal axis. On a side wall 
surface of said main valve member 4 a slit 5 can be pro 



vided tor flow regulation. At the upstream side of main 
valve member 4 a stop valve portion 8 is formed as a 
flange-shaped projection. As soon as stop valve portion 
B is pressed against valve seat 1, the valve has its fully 
5 closed state, as shown. 

{0013] From pipeline 3 at the downstream side a 
cylindrical pressure governing chamber $ is branching 
off. Pressure governing chamber 8 has a diameter 
larger than valve seat 1. A piston or disk-shaped pres- 
10 sure receiving member 9 is inserted In a axially freely 
moveable manner Into pressure governing chamber &. 
In this embodiment pressure governing chamber 8 is 
closed by an exterior bulk head 17. Pressure receiving 
member 9 is coupled to main valve member 4 Into a 
15 united body by a coupling member in the form of a con- 
necting rod 10 extending in the axfal direction of pres- 
sure governing chamber 8. Main valve member 4 and 
pressure receiving member 9 have to move simultane- 
ously in relation to valve seat 1. Compression coil 
20 springs 12, 13 are provided to prevent rattling of main 
valve member 4 and pressure receiving member 9. 
[0014] Main valve member 4 is receiving pressure 
in pipeline 2 (upstream side) on one surface and pres- 
sure in pipeline 3 {downstream side) on the opposite 
2S surface. Pressure receiving member 9 is receiving pres- 
sure or pilot pressure in pressure governing chamber 8 
at its upper surface and also the pressure in pipefrte 3 
(downstream side) at its opposite surface. Pressure 
governing chamber 8 is communicating with the down- 
of a further so stream side either (as shown) via a leak route 16 of 
smalt cross-section provided in a branch pifol line or 
directly (indicated by dotted lines) via a leak aperture 1 6 
in pressure receiving member 9 drectly. 
{0015] The pressure receiving or cross-sectional 
& area of pressure governing chamber 8 and pressure 
receiving member 9, respectively, is bigger (ag. 2 to 10 
times bigger) than the pressure receiving area or cross- 
sectional area of valve seat 1. Therefore, by controlling 
the pilot pressure in pressure governing chamber 8 the 
40 state of main valve member 4 between its opened and 
closed positions Is controlled by means of pressure 
receiving member 9 and coupling member or connect- 
ing rod 10. 

[0016] A pilot route 15 extends from the upstream 
46 side of pipeline 2 to pressure governing chamber 8 and 
is bypassing valve seat 1. Within pilot route 15 a con- 
stant differential pressure control vah/e 20 for the pilot 
route 15 and, optionally, a shut-off valve 30 are 
arranged in series. Pilot route 15 consists of three por- 
sc fans 15 A, 15B, 15C among which portion 15A Is con- 
necting said upstream side with the inlet of constant 
differential pressure control valve 20; portion 15B is 
interconnecting a valve seat 21 of said constant differ- 
ential pressure control valve 20 and a vafve seat 31 of 
55 shut-off valve 30; and portion C is connecting valve seat 
31 with the downstream side. The cross-sectional area 
of pilot route 15 is preferably larger than the cross-sec- 
tional area of leak route 16. 
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[001 7] Shut-off valve 30 is electrcmagneticaliy actu- 
ated in order to amply open or shut the pilot fine by 
means of a shut-off valve body 32 co-acting with valve 
seat 31. Within pilot shut-off vaJva 30 a moveable iron 
core 3$ is carrying valve body 32. Moveable iron core 
33 is arranged to co-operate wfth fixed iron core 35. A 
valve closure spring 36 (compression coll spring) is 
interposed between both iron cores 33, 35- Electromag- 
netic con 34 serves to attract moveable iron core 33 via 
fixed iron core 35 counter to the closing force of closure 
spring 36 and to open said shut-off valve 30. Without 
exciting current for electromagnetic coil 34 said closure 
spring 38 Is maintaining shut-off valve 3Q fn its dosed 
state. As follows, this embodiment wiJJ be described 
when said shut-off valve 30 is in its open state (electro- 
magnetic coil 34 exerted). 

[0018] Said constant differential pressure control 
valv» 20 is also an eledromagnetically actuated differ- 
ential pressure valve with a conical pilot valve body 22 
arranged at the downstream side of pilot valve seal 21 . 
Pilot valve beefy 22 is coupled to a moveable iron core 
23 which ts drrvaWe by an electromagnetic cedl towards 
fixed iron core 25 by the magnetic field as soon as elec- 
tromagnetic coil 24 is exerted. Current on electromag- 
netic coil 24 is creating a closing force for pilot valve 
body 22 in relation to valve seat 21. The magnitude of 
said dosing force is adjusted by the current supplied to 
electromagnetic coil 24. 

[001 9] When the value of a current supplied to elec- 
tromagnetic coll 24 is maintained constant, pilot valve 
body 22 opens as soon as the cfifTerenfial pressure 
between the upstream side and the clownsfream sxde of 
pilot valve seat 21 (thai is the differential pressure 
between the inlet and the outlet of pHot route 15) is 
axceecfing the force created by the constant current 
value. Pilot valve body 22 Is dosing as soon as the dif- 
ferential pressure becomes smaller than the force cre- 
ated by said constant current value, in this way the 
differential pressure between the inlet and the outlet of 
the pilot route 15 is maintained constant. By varying or 
selecting the value of the current supplied to electro- 
magnetic coil 24 of valve 20 the differential pressure 
value between the inlet and the outlet of the pilot route 
can be controlled arbitrarily. The differential pressure 
value is a minimum in a state where there is no current 
supplied to electromagnetic coil 24. To the contrary, if 
maximum current is supplied to electromagnetic coil 24, 
the connection between tie inlet and the outlet of pilot 
route 15 is blocked. 

[0020] The pilot pressure in pressure governing 
chamber 8 corresponds to the press lire at the outlet of 
pilot route 15. As. by constant differential pressure con- 
trol valve 20, the- 'differentia! pressure between the 
upstream side and said pressure governing chamber 8 
can be kept constant, thereby the opening state of main 
valve member 4 is controlled as well as the flow of the 
pressure fluid flowing from pipeline 2 at the upstream 
side to pipeline 3 at the downstream side. As a cons©* 
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que nee, said flow can also be kept constant. By chang- 
ing the value of the current supplied to the 
electromagnetic coil 24 the flow from pipeline Z to pipe- 
fine 3 can be controlled arbitrarily. 
[0021] In case that in the pilot operated flow regulat- 
ing valve as described the current value for electromag- 
netic coil 34 of said shut-off valve 30 is set to OFF (no 
current) said shut-off valve is blocking pilot route 15 by 
means of closure spring 36. Pressure governing cham- 
ber 8 then communicates via leak route 16 with the 
downstream side or pipeline 3 so that the pDot pressure 
in governing chamber e finally is the same low pressure 
Pi as in pipeline 3 at the downstream side. 
[0022] Due to the differential pressure between 
pressure Pi at the downstream side and the high pres- 
sure in ppeDne 2 at the upstream side step valve por- 
tion 6 of main vafve member 4 is pushed against valve 
seat 1, Main valve member 4 is set to a fully closed 
state. Since pressure governing chamber 8 has the 
same low pressure P1 as pipeline 3 at the downstream 
side, no teak flow can occur from pressure governing 
chamber 8 into pipeline 3 even though the pressure in 
pipeline 2 at the upstream side may be very high. A sta- 
ble zero state of flow can be obtained. 
[0023] In the further embodiment of Rg. 2 pilot 
route 15 is formed in the interior of said flow regulating 
valve, namely by an axiafly through bore formed in cou- 
pling member or connecting rod 10 from the lower side 
of main valve member 4 to valve seat 21 provided at the 
upper end of said through bore (portion ISA), further- 
more, by an inner bore of fixed i ton core 25, a flow pas- 
sage between the periphery of moveable iron core 23 
and sleeve-shaped pressure receiving member 9 fixedly 
connected to fixed iron core 25 (portion 15B). and by a 
bore in the top portion of pressure receiving member 9 
leading into pressure governing chamber 8 (portion 
15C). Pilot valve body 22 of constant differential pres- 
sure control vafve 20 provided within said pilot route 15 
is constituted by a rod with a lower conical end seated 
with clearance within the bore of fixed iron core 25 and 
being actuatable by moveable iron core 23. The electro- 
magnetic con 24 for attracting moveable Iron core 23 via 
fixed iron core 25 is disposed externally so as so sur- 
round the above-mentioned components. Shut-off valve 
30 is constituted by vafve seat 31 in the bore of the top 
portion of pressure receiving member 0 and shut-off 
valve body 32 protrueffrtg from the upper end of move- 
able iron core 23 towards vafve seat 31. Rattling pre- 
venting springs 12, 13 are received in pressure 
governing chamber 8 and below main valve member 4, 
respectively In this embodiment moveable iron core 23 
as well as electromagnetic coil 24 also serve to actuate 
shut-off valve 30 to either adjust the closed or opened 
State of shut-off valve 30. Pressure governing chamber 
8 is closed by a pot-shaped cover 1 7 defining a partition 
wall firmly secured to the carrying structure of the elec- 
tromagnetic coil 24 such that all moveable components 
are received therein. Leak route 16 with small cross- 
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section Is constituted between the outer periphery of 
pressure receiving member 9 and the inner side of par- 
tition wall 17 and extends over several circumferential 
grooves 19 of fixed iron core 25 (three circumferential 
grooves formed in the outer peripheral surface of fixed 
iron com 25 in order to reduce a possible pressure loss 
in leak route 1 6 defined by the clearance between fixed 
iron core 25 and outer partition wall 17 of cyfindrical 
shape with a closed tip portion). 
[0024] Man valve member 4 is located opposite to 
pipeline 2 at the upstream side of valve seat i. Stop 
valve portion 6 in this case a disk-shaped rubber part 
Pressure receiving member 9 and fixed iron core 25 are 
coupled together In a united body which is f reefy axiatfy 
moveable, Since the pilot pressure and pressure gov- 
erning chamber 8 is acting on the upper end surface of 
pressure receiving member 9, whBe the pressure in 
ppeline 3 at the downstream side is acting at the lower 
end surface of fixed iron core 25, fixed iron core 25 also 
becomes part of pressure receiving member 9 (fixed 
iron core 25 constitutes. one half of pressure receiving 
member 9). 

[0025] The pressure receiving cross-sectional area 
of pressure receiving member g (and its iron core 25) is 
bigger than the cross-sectional area of valve seat 1 (e.g. 
about 2 to 1 0 times bigger). When current is supplied to 
electromagnetic coil 24 moveable iron core 23 is 
attracted to fixed Iron core 25 so that pilot valve body 22 
is pressed with a corresponding force against pilot valve 
seat 21. If. said current supplied to electromagnetic coil 
24 is constant, pilot valve body 22 wffl be opened as 
soon as the differentia] pressure between the upstream 
side and the downstream side of plot vahre seat 21 is 
exceeding a certain value. As soon as said differential 
pressure is decreasing below said value, said pilot valve 
body 22 will reach a closed state. In this way the differ- 
ential pressure between the inlet and the outlet of the 
pilot route 15 can be kept constant Since the pressure 
in pressure governing chamber 8 is the outlet pressure 
of pilot route 15, the differential pressure between pipe- 
line 2 at the upstream side and the pressure In pressure 
governing chamber 8 can be held constant so that the 
opening state of main valve member 4 Is comroUecrand 
the flow of the pressure f luid from pipeline 2into pipeline 
3 can be controlled to be constant. 
[0028] By varying the current value applied to elec- 
tromagnetic coil 24 the flow of the pressure fluid from 
pipeline 2 to pipeline a can be controlled arbitrarily, 
[0027] (f the current value for electromagnetic coil 
24 is set to OFF (zero current), spring 36 provided 
between fixed iron core 25 and moveable iron core 23 
will push moveable iron core 23 upwardly (Fig. 3), so 
that shut-off valve body 32 will be pressed against seat 
31 and pilot route 15 wffi be blocked. At that time the 
pressure inside pressure governing chamber S will 
reach the pressure in pipeline 3 at the downstream side 
via leak route 16. Since then the pressure in governing 
chamber 8 win be the same as in pipeline 3. no leakflow 
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can occur from pressure governing chamber 8 into pipe- 
One 3, end a completely zero flow state can be obtained 
stably, even if the pressure inside pipeline 2 at the 
upstream side is very high. 

[0028]. In the embodiment of Fig. 4 pilot operated 
flow regulating valve 100 is provided within a fluid pipe- 
line 101 of a hot water supply equipment containing a 
heat exchanger 102 heated by a not shown heat source. 
Since heat exchanger 102 contains a long passage of 
relatively smaU cross-section a pressure loss unavoida- 
bly occurs in the fluid passing fluid pipeline 1 , La a pres- 
sure cSfference occurs between portion 101 a and 
portion 101b Interconnected by heat exchanger 102. 
Said flow regulating valve tod is provided between por- 
tion 101b and a downstream portion 101c of pipeline 
101. The pressure difference generated by Heat 
exchanger 102 might amount e.g. to about 0.2 to 0.5 
kg/cm 2 , e.g.. Portion 101b of fluid pipeline 101 extends 
to the lower surface of main valve member 1 1 1 situated 
opposite to valve seat 112 from the upstream side to 
open and close fluid pipeline 101. In valve housing a 
passage of portion 101b is called upstream portion 1p 
of the flow regulating valve 10, while the passage lead- 
ing iVrto portion 101c is called the downstream portion 
1q. 

, [0029] Pressure governing chamber 113 is branch- 
ing off from downstream portion 1q. Moveable pressure 
receiving member 114 (a hard disk) is combined with a 
flaxfcle diaphragm tl5, both separating pressure gov- 
erning chamber 113 from downstream portion 1q. 
Downstream portion iq and pressure governing cham- 
ber 113 are connected by leak route 117 provided In 
pressure receiving member 114, 115 said leak route 
117 having a small cross-sectional area. Main valve 
member 1 1 1 is unified with pressure receiving member 
114, 115 by coupling member 118 extending axially in 
relation to valve seat 11a Compression coil spring 1 16 
assists in closing main valve member 111. Compres- 
sion coil spring 116 is seated in the valve housing 
around vajve seat 1 12 and constantly Is urging pressure 
receiving member 114, 1 15 in dosing direction of main 
valve member 1 1 1 . As a consequence, fluid pressure in 
portion 101b (in upstream portion 1p) and the force of 
compression coil spring 116 act together in closing 
direction of main valve member 1 11. Since the cross- 
sectional area of pressure receiving member 114, 115 
is made bigger than the cross-sectional area of valve * 
seat 112. also the pressure m upstream portion Iq is 
generating a force component in dosing direction of 
main valve member ill. The fluid pressure inside pres- 
sure governing chamber 13, however, is acting in the 
opening direction of main valve member 111. Due to 
this arrangement main valve member 111 is able to 
maintain any position in which said forces are balanced. 
{0030] Pressure governing chamber 113 is con- 
nected to pipeline portion tola (upstream side) by a 
pilot route 103. In pilot route 103 constant differential 
pressure control valve 20 is installed. Said constant dif- 
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ferenfial pressure control vaJve 20 is driven electromag- 
nefically in order to adjust a constant differential 
pressure. Pilot route 103 is formed with a cross-sec- 
tional area bigger than that of leak route 117. A com- 
pression coil spring 124 for generating a deferential 
pressure is arranged between fixed Iron core 122 and is 
pushing spherical pilot valve body 125 towards valve 
seat 126 In a direction from the low pressure side to the 
high pressure Side from the Side Of pressure gov- 
erning chamber 1 13 to the side of portion 101a of pipe- 
line 101 (upstream side), 

[0031] When no electric current is supplied to elec- 
tromagnetic coil 121, pilot valve body 125 is strongly' 
pressed against valve seat 26 by the force of compres- 
sion coil spring 124 for the differential pressure, and 
pilot route 103 then is blocked. In this state pressure 
governing chamber 113 has a pressure equal to the 
pressure at the downstream portion 1q, namely via leak 
route 117, Main valve mentor ill is pushed against 
valve seat 1 12 only by compression spring 1 16 so that 
the dosed state of main valve member 111 is created. 
[0032] As soon as electric current Is supplied to 
electromagnetic coil 121, the force of spring 124 acting 
on pilot valve body 125 is decreasing as magnetic force 
Is produced. Pilot varve body i2S gets separated from 
vajve seat 26 by the differential pressure between por- 
tion 101a of pipeline 101 at the upstream side, and the 
fluid pressure in pressure governing chamber 1 13. The 
rjfferenfel pressure between portion 101a at the 
upstream side and the pressure in governing chamber 
113 is balanced with the residua] force applied to pilot 
valve body 125 and said differential pressure is main- 
tained at a constant level corresponding to the current 
value applied to electromagnetic 121. Actually, with 
increasing current the pressure in pressure governing 
chamber 1 13 win be dose to pressure in portion 101a of 
pipeline iqi at the upstream side 
[0033] Tne fluid pressure in portion 101b of the 
pipeline is lower by a constant pressure drop than in 
portion 101a at the upstream side due to the pressure 
toss in heat exchanger 102. Pressure receiving member 
114, 115 moves in response to the control of the con- 
stant differential pressure control valve 20 so that main 
valve member 111 is separated from valve seat 112 and 
flow regulating valve 100 reaches an open valve state 
by which the flow of the fluid entering into portion 101c 
is controlled to a constant level. As a consequence, the 
pressure lose fowrtably caused by heat exchanger 102 
can be utiRsed even for the operation of flow regulating 
valve 100. As a result no additional pressure loss for 
operating flow regulating valve 100 can occur so that its 
flew control can be performed definitely even in a envi- 
ronment where the initial pressure at the upstream side 
of fluid pipeline 101 is low. 

[0034] h the embodiment of Fig. 5 pilot operated 
flow regulating valve 100 is arranged reversely to the 
arrangement of Fig. 4, as said flow regulating valve 1 00 
is connected to the portion 1 o 1 a at the upstream side of 
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heat exchanger 102. Constant differential pressure con- 
trol valve 20 is connected in series between the down- 
stream portion 101b at the downstream side of heat 
exchanger 102 and pressure governing chamber 113- 
[0035] Since the flow direction here is reversed the 
compression coil spring 116 for dosing the main valve 
member 111 is arranged Inside pressure governing 
chamber 113, upstream portion 1p of the housing is 
arranged at the lower side of pressure receiving mem- 
ber 114, 1 15, and finally main valve member 1 1 1 is fac- 
ing valve seat 112 from the upper side and from the 
inside of portion 1p. Portion 101 a of pipeline 101 is con- 
nected to portion 1 q of me housing downstream of main 
valve mernber ill. 

{0036] In pilot route 1 03 pilot valve body 1 25 is fac- 
ing valve seat 28 from the side of downstream pipeline 
portion 101b. The arrangement of the further compo- 
nents corresponds to the former embodiment The 
operation and the effects of the valve 100 are the same 
1 asintheembocEmerttof Fig. 4. 
[0037] Pilot route 103 with constant differential 
pressure control valve 20 is constituting a relief connec- 
tion into downstream portion 101c of pipelrne101 tor the 
pressure fluid which enters pressure governing cham- 
ber 113 via leak route 117 from the high pressure 
upstream pipeline 101 in portion 1p. As soon as move- 
able iron core 123 is attracted to f ixed iron core 122 via 
the current supplied to electromagnetic coil 121. the 
opening slate of valve 100 for the necessary flow is 
achieved due to the pressure drop in leak route 117 
across pressure receiving member 114. 115. When 
electromagnetic coil 121 is not excited, spring 124 is 
closing valve 125, 26 by means of moveable iron core 
23. Then spring 1 16 is pushing main valve member 111 
against valve seat 1 12 Into the closed state. 
[0033] In the embodiment of Rg. 6 pilot operated 
flow regulating valve 1 00 is arranged similarly as in Rg. 
4 at the downstream side of heat exchanger 102 and 
between portions 101b and 101c of pipeline ioi. Leak 
route 117 extends from upstream side portion ioia to 
pressure governing chamber 113 in the form of a 
branch pilot line with a throttling aperture of small cross- 
section. Constant differential pressure control valve 20 
Is arranged between said branch pilot line downstream 
of said aperture and portion 101c of pipeline 101, Le. 
between pressure governing chamber 113 and portion 
iq. Man valve member 111 is facing valve seat 112 
from the downstream side, i.e. from the eide of portion 
iq Compression coil spring 1 16' in this case serves to 
load main valve member 111 via pressure receiving 
member 114, 115 and coupling member 11$ in opening 
direction The other components are similarly arranged 
as in Fig. 4. 

[0039] When no current is supplied to electromag- 
netic coil 121 the pressure Inside pressure governing 
chamber 1 1 3 becomes equal to the pressure in portion 
101a of pipeline 101, namely via leak route 117, and 
then is higher than the pressure in portion 101b of pipe- 
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line 101. Main valve member 111 is pushed against 
valve seat 1 12 by the force created by rrtoveabfe pres- 
sure receiving member 1 14, 1 15 and ttie dosed valve 
state occurs, 

[0040] When current is supplied to electromagnetic 
cafl 21 such that the actuating force tor pilot valve body 
12$ is decreasing* the pressure in pressure governing 
chamber 1 1$ will be controlled by a constant differential 
pressure to the pressure in downstream portion 1q. 
Main valve member 111 is opened by the balance 
between the differentia) pressure applied to both sur- 
faces of moveable pressure receiving member 114, 115 
and trie force of compression coil spring 1 1 6*. As a con- 
sequence, the flow of the fluid passing flow regulating 
valve 100 is controlled to a constant level 
[0041] With this embodiment no undesirable pres- 
sure bss for operating the flow regulating valve 100 can 
occur, since the fuH closing force for main valve member 
111 is obtained by using the pressure loss inevitably 
occurring by the flow through heat exchanger 102. This 
means that a definite valve operation can be achieved 
even under conditions where the initial pressure at the 
upstream side of fluid pipe 1 01 is low 
[0042) m the Bmbodiment of Rg. 7 the flow regulat- 
ing valve 100 is arranged reversed compared to the 
arrangement of Fig. 6, l.a valve seat 112 is located 
between upstream pipeline 101 and portion 101a 
upsbeam of heat exchanger 102. Leak route 117 is pro- 
vdec between downstream portion iQlb of pipeline 
toi (downstream side of heat exchanger 102) and 
cevsue governing chamber 113. Constant differential 
pf essue control valve 20 is provided m pilot route 103 
connecting htgh pressure upstream pipeline 101 with 
pressure governing chamber 113 which contains coil 
V**9 "6 acting in opening ejection Of main vafve 
memoe* 1 1 1. Main valve member 111 is facing valve 
seat 112 from the downstream side in portion 1q. Pilot 
valve body 125 & facing valve seat 26 at the down- 
steam s<se of pilot route 103 or from the side of the 
ptessme governing chamber 113, respectively; The 
arrangement of the other components is as in the 
embodiment of Fjg. 6, The same operation and the 
same effect can be obtained. 
(00431 In the embodiment of Fig. 8 pilot operated 
i flow regulating vaive 100, A of the embodiment of Rg, 6 

! is combined with a second pilot operated flow regulating 

valve S (100) in parallel. The arrangement of said sec- 
ond pilot operated flow regulating valve B corresponds 
to the arrangement as shown in Fig. 6. Both pilot oper- 
ated flow regulating valves A, B serve to adjust different < 
flows of the fluid between high pressure pipeline 101 
and the portion 101c, e.g. so that pilot operated flow 
regulating vaive A regulates the flow through heat 
exchanger 1 02, while second pilot operated flow valve B 
i regulates the flow of fluid bypassing heat exchanger d 

1 02 (e.g. hot and cold water). 
[0044] Second pilot operated flow regulating valve 
B is connected to a bypass pipeline 50 not passing heat 
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exchanger 102 in order to perform flow control for cold 
water. In a position corresponding to the position of the 
heat exchanger 102 in the arrangement for pilot oper- 
ated flow regulating valve A a passage 51 for throttling 
5 Is provided, creating a pressure loss which is at least 
approximately the same as the pressure loss inevitably 
generated by heat exchanger 102. 
[0045] In this case both pilot operated flow regulat- 
ing valves A, B are applied to both the hot water and 
10 cold water systems of a hot water supply equipment for 
controlling the mixing ratio of hot water and cold water 
as well as the respective flows or flow rates. In the 
embooXment as shown, the pilot operated flow regulat- 
ing valves A, B correspond to the embodiment as shown 
13 in Fig. 6. However, instead also any other type as shown 
may be applied. 

[0046] In the embodiment of Rg. 9 the pilot oper- 
ated flow regulating valve 1 00 Is designed similar to the 
one shown In Fig. 5. However, the upstream portion tp 
so and the downstream portion 1q are arranged reversely, 
i.e. main valve member 111 faces valve seat 112 from 
the downstream side in portion 1q. Leak mute 117 is 
formed by a through bore of coup&ng member 118 lead- 
ing from portion 1p via a throttling aperture directly into 
23 pressure governing chamber 113 which houses closure 
spring 116- Moveable pressure receiving member 1 14 
has a piston shape and is fitted Into pressure governing 
chamber 113 without a diaphragm. In this embodiment 
the pressure actuated surface of pressure receiving 
so member 114 is approximately equal to the pressure 
receiving surface area of valve seat 1 1 2. Pilot mute 1 03 
extends between pressure governing chamber 113 and 
portion 101b of pipeline 101 and contains electromag- 
nefcally actuated constant differential pressure control 
35 valve 20 serving as a control relief valve for the pressure 
buft up in pressure governing chamber 113 via leak 
route 117. 

[0W] in the embodment of Rg. 10 again the 
arrangement of the pilot operated flow regulating vaive 
40 100 is reversed in comparison to the embodiment of 
Fig. 9, Main valve member 111 opens as soon as con- 
stant differential pressure control valve 20 in pilot route 
103 is closed. As soon as constant differential pressure 
control valve 20 '« opened, the degree of opening of 
« main valve member 111 gradually is decreasing. 

[0048] The appEcation of the pilot operated flow 
regulating valves as shown in Fig34to 10 is not limited 
to the hot water supply equipment Instead said different 
embodiments as well can be applied to the flow control 
to of refrigerant in a refrigerating cycle and other various 
kinds of equipment 

[0049] Basically in the embodiments of Figs 4 to 1 0, 
a pressure loss inevitably created by a heat exchanger 
or a similar pressure drop generating device is utilised 
s for the operation of the flow regulating valve having the 
outline as shown. The main advantage of said arrange- 
ment is that no pressure loss will occur for the operation 
of the flow regulating valve. To the contrary, a very relia- 
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We operational behaviour can be obtained even in case 
that the initial pressure of the high pressure fluid at the 
upstream a'de is low; 

Claims 5 

1 » A pilot operated flow regulating valve, comprising: 

a main valve member (4> 111) associated to a 
valve seat (1, 112} rn a high pressure fluid pas- 10 
sage such that a dosed or open valve slate 
occurs when said main vaVe member is con- 
tacted by high pressure fluid from the upstream ' 
side of said valve seat 

75 

a pressure governing chamber (8, 113) receiv- 
ing a moveable pressure receiving member (9. 
114. 115). said pressure receiving member 
being coaled with said main valve member by 
a coupling member (10, 118) for common so 
movement of both in relation to said valve seat 
and by loading a front surface of said pressure 
receiving member with a pilot pressure inside 
said pressure governing chamber and a rear 
surface with the pressure present at the hb 
upstream or downstream sJde of said valve 
seat, 

a leak route (16. 117) of small cross-section 
extending between the Inside of said pressure 50 
governing chamber and either said, upstream 
side or said downstream side, and 

a constant differentia? pressure control valve 
(20) for controlling the pressure inside said as 
pressure governing chamber (8. 1 13) for open- 
ing and closing movements of said main valve 
member (4, 11 1) by controffing the flow through 
a pita route [ISA. 15B> 150; 103, 131) pro- 
vided between said pressure governing chart* 40 
ber and either said upstream side or said 
downstream side. 

2. A pilot operated flow regulating valve, cornprising: 

45 

a main valve member (4) arranged in the vicin- 
ity of a valve seat (1) in such a manner Out a 
closed state occurs when said main valve 
member (4) at said valve seat (1) formed m a 
passage supplying high pressure fluid is con- so 
tacted by the high pressure fluid from the 
upstream side (2); 

a pressure governing chamber (3) formed as a 
branch from the passage at the downstream 55 
side (3) of said valve seat (1); 

a pressure receiving member (9) movably pro- 



14 

vided within said pressure governing chamber 
(8) and coupled with said main valve member 
(4) into one united body by a coupling member 
(10) such that the pressure receiving member 
strictly moves together with and actuates the 
main valve member (4) by receiving on its front 
and rear surfaces a pressure present at the 
downstream side of said valve seat (1) and a 
pressure Inside said pressure governing cham- 
ber (8); 

a leak route (16) of smafl cross-section extend- 
ing between the Inside of the passage at the 
downstream side (3) of said valve seat (1) and 
the inside of said pressure governing chamber 

a pilot route (ISA, 15ft 15C) communicating 
the upstream side (2)of said valve seat (1) to 
the inside of said pressure governing chamber 
(8); and 

a constant differential pressure control valve 
(20) within said pilot route far maintaining a dif- 
ferential pressure constant between the inlet 
and the outlet of said pilot route by opening as 
soon as said differential pressure is exceeding 
a certain value 

3. A pilot operated flow regulating valve as in claim 2, 
wherein said constant differential pressure control 
valve (20) Jn said pilot route Is an electromagneti- 
caily actuated valve, said value of said differential 
pressure being arbitrarily variable up to a value rep- 
resenting a blocking state of said constant differen- 
tial pressure control valve by the current supplied to 
an electromagnetic valve actuating con (24). 

4w a pj tot operated flow regulating valve as In claim 2, 
wherein an additional shut-off valve (30) for open- 
ing or blocking said pilot route (15A, 158,130) is 
arranged within said pilot route in series with said 
constant differ ante! pressure control veive (20). 

5. A pilot operated flow regulating valve as in claim 2, 
wherein said pilot route at least partially is formed 
by an tnsfcJe portion of said coupling member (10) " 
and a through hole of said pressure receiving mem- . 
ber (9), said constant differential pressure control 
valve (20) being arranged within said portion. 

6. A pilot operated flow regulating valve as in claim 5. 
wherein said constant differential pressure control 
valve (20) is an electromagnetically actuated valve 
driven by an electromagnetic coil (24) for moving a 
pilot valve body (22) via a moveable iron core (23) 
arranged within said pilot route, said electromag- 
netic coil (24) being arranged exteriorly of said pilot 
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route. 

7. A pilot operated flow regulating valve as defined In 
claims 4 and 6, wherein said moveable iron coD (23) 
is actuating said pilot valve bod/ (22) in a direction 
towards the upstream side of said pilot route, and 
wherein said shut-off valve (30) for opening and 
closing said pilot route is arranged at an end portion 
of said moveable iron core (23) at its downstream 
aids adjacent to said pressure governing chamber 
to 

a. A plot operated flew regulating valve comprising: 

a main valve member (m) and a valve seat 

(112) for regulating a flow In fluid pipelines 
(101. 101a, 101b. 101c), two of which being 
connected to an upstream skfe and a down- 
stream side of a pressure loss generating heal 
exchanger (1029, said main valve member 
(111) and said valve seat (1 12) being located 
either at the upstream side or the downstream 
side of said heat exchanger (102); 

a pressure governing chamber (113) and a 
moveable pressure receiving member (114, 
115) within said pressure governing chamber 

(113) . said pressure receiving member (114, 
1 1 5) being coupled to said main valve member 
(111)1 

a leak route (1 17) of small cross-sectional area 
communicating one of the fluid pipelines (101c, 
101) with the inside of said pressure governing 
chamber (113); and 

a constant differential pressure control valve 
(20) for generating a fluid pilot pressure inside 
said pressure governing chamber (113) by 
controlling a differential pressure between the 
fluid pressures in the respective fluid pipelines 
at the upstream side and downstream side of 
, said heat exchanger (102), 



9. A pilot operated flow regulating valve as In claim 8, 
wherein said constant differential pressure control 
valve (20) controls said differential pressure to a 
arbitrary constant differential pressure by electro- 
magnetic force. 

1 0. A pilot operated ffow regulating valve as in claim 8, 
wherein said constant differential pressure control 
valve (20) is connected in series between said pres- 
sure governing chamber (113) and one of said 
pipelines (101. 101c) among the fluid pipelines 
upstream and downstream of said heat exchanger 
(102), which pipeline (101, 101c) does not extend 
to said vafve seat (112J. 
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11. A pifot operated flow regulating valve as defined in 
daim 8, wherein said pressure governing chamber 
(113) is communicating with said pipeline (101, 
101c) which does not extend to said valve seat 
(1 12) via said leak route (117), and wherein said 
constant differential pressure control valve (20) is 
connected between said other fluid pipeline (101 a 
101) extencfing to said valve seat (112) and said 
pressure governing chamber (1 13). 

12. A pilot-operated flow regulating valve as in claim 8, 
wherein a second pilot operated flow regulating 
valve (B) of the same kind Is arranged in parallel to 
said pilot operated flew regulating valve (A) 
between said pipelines (101, 101 c), wherein a 
branch pipeline (50) is connecting said pipeline 
(101) upstream of said heat exchanger (102) with 
the valve seat of said second pilot operated flew 
regulating valve (B) r and wherein instead of a heat 

so exchanger a leak passage (51) is provided within 
branch pipeline (50) creating a pressure loss 
almost equal to the pressure toss of said heal 
exchanger (102) which is associated to said pilot 
operated flow regulating vahre (A). 

2S 

13* A pilot operated flew regulating valve as in claim 8. 
wherein with said leak route (170) connecting pipe- 
line (101) with said pressure governing chamber 
(113) the front and rear surfaces of said pressure 
so receiving member (1 14) are having the same pres- 
sure area as said main valve member (1 1 1). 

14* A pilot operated flow regulating valve as in claim 8, 
wherein the front and rear surfaces of said pressure 
ss receiving member (1 14, 9) do have significantly big- 
ger pressure areas than said main valve member 
(111. 4). preferably a pressure area which is 
approximately 2 to 10 times bigger. 

15L A pilot operated flow regulating valve as In one of 
the preceding claims, wherein said constant differ- 
ential pressure control vafv© (20) has a vah/e mem- 
ber (22, 12S) for co-operation with a valve seat (21, 
28), said valve member being loaded in closing 
direction by a valve closure spring (124) via a 
moveable iron core (23) located between said clo- 
sure spring and said valve member, said moveable 
iron core (23) being attractable by an electromag- 
netic coif (24, 121) and a fixed iron core (25, 122) 
either in parallel with the closure spring or counter 
to the closure spring. 

16. A pilot operated flow regulating valve as in claims d 
and 7, wherein said additional shut-Off valve (30) 
has a valve member (32) co-operating with a valve 
seat (31) provided in said pilot route, said valve 
member (32) being loaded In dosing direction by a 
closure spring (36) and via a moveable iron coil (33) 
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provided between said closure spring (36) and said 
valve member (32), said moveable iron -core (33) 
being attractable by an electromagnetic corl (34) 
and a f«ed iron core (35) counter to the force of 
dosing spring (36) into an open state of said shut- 5 
offvaive(30) 
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(54) Pilot operated flow regulating valve 

(57) A pilot operated flow regulating valve has pres- 
sure governing chamber receiving a moveable pressure 
receiving member for common movements together 
with a main valve member (4) of said pilot operated flow 
regulating valve In relation to a fixed valve seat (1) and 
by a differential pressure exerted to said pressure 
receiving member from both surface sides, further has a 
leak route (16) of small cross-section extending 
between said pressure governing chamber (8) and 
either the upstream or the downstream side of said 
valve seat (1), and has a constant differential pressure 
control valve for selectivery either controIGng the pres- 
sure Inside said pressure governing chamber (8) or for 
blocking a pilot route extending between said upstream 
and downstream sides. 
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